In this paper, we report our work on incorporating a technique to handle phrasal verbs and idioms for English to Tamil machine translation. While translating from English to Tamil, both phrasal verbs and idioms in English have more chances, to get translated to Tamil in wrong sense. This is because of the idioms or phrasal verbs that convey individual meaning for each word in it instead of conveying a single meaning by considering it as a group of words while translating from English to Tamil. This in turn affects the accuracy of the translation. The proposed technique is used to handle the idioms and phrasal verbs during the translation process and it increases the accuracy of the translation. The BLEU and NIST scores calculated before and after handling the phrasal verbs and idioms during the translation process show a significant increase in the accuracy of the translation. This technique, proposed for English to Tamil machine translation system, can be incorporated with machine translation system for English to any language.
INTRODUCTION
Machine translation is an important and most appropriate technology for localization in a linguistically diverged country like India [1] . The reason for choosing automatic machine translation rather than human translation is that machine translation is better, faster and cheaper than human translation. Many resources such as news, weather reports, books, etc., in English are being manually translated to Indian languages. Of these, News and weather reports from all around the world are translated from English to Indian languages by human translators more often. Human translation is slow and also consumes more time and cost compared to machine translation. Hence, there is a good scope for machine translation to overcome the human translation, in near future. There are machine translation systems that are being developed in order to translate from English to Indian languages. But there are problems that make these systems not able to produce a good translation of text from English to Indian languages. Here we incorporate the technique with English-Tamil machine translation system.
One of the problems in English-Tamil machine translation system is to handle the idioms and phrasal verbs. A phrasal verb, which is a combination of a verb and a preposition or adverb, creates a meaning different from its constituent verb. It should not be translated by considering its constituent verb alone. Similarly an idiom, which is usually a group of words, conveys a peculiar meaning and cannot be predicted from the meaning of the constituent words. It should be handled as a single unit during the translation process. But the existing machine translation system handles the translation of a phrasal verb by translating the constituent verb in it and idiom by translating each constituent word in it. This makes idioms and phrasal verbs to have a great impact in the accuracy of English-Tamil machine translation system.
We describe a technique that can be used to handle idioms and phrasal verbs which can increase the accuracy of EnglishTamil translation, when incorporated with any existing EnglishTamil machine translation system. The technique consists of two phases, analyzing phase and grouping phase. In analyzing phase, the given English sentence is analyzed to find whether it contains any phrasal verbs or idioms. In grouping phase, if the given sentence is found to contain a phrasal verb or an idiom, then it will be grouped into a single unit and it will be categorized with a special tag in order to denote it as the phrasal verb or idiom. This tag will be considered instead of the part-ofspeech tag during the translation process. This approach can be used in both rule based and factored statistical machine translation with some modifications.
RELATED WORKS
Handling of idioms and phrasal verbs is one of the most important tasks to be handled in Machine Translation. Various approaches are developed to handle idioms and phrases in machine Translation. Sahar Ahmadi and Saeed Ketabi focused on analyzing the translatability of color idiomatic expressions in English-Persian and Persian-English texts to explore the applied translation strategies in translation of color idiomatic expressions and also to find cultural similarities and differences between color idiomatic expressions in English and Persian [2] . Martine Smets et al. developed their Machine Translation system in such a way such that it handles the verbal idioms. Verbal idioms constitute a challenge for machine translation systems: their meaning is not compositional, preventing a word-for-word translation, and they can be discontinuous, preventing a match during tokenization [3] . [4] . Digital Sonata provides NLP services and products. It has released its tool kit called, Caraboa Language Kit, in which idioms serves as the backbone of its architecture and it is mainly rule based. Here, the idioms are considered as sequences and each sequence is a combination of one or more lexical units.
PHRASAL VERBS AND IDIOMS -AN OVERVIEW
As described earlier, a phrasal verb is a combination of a verb and a preposition or adverb that creates a meaning different from its original constituent verb [5] . Phrasal verbs can be broadly classified into two categories, transitive and intransitive. A transitive phrasal verb can either be followed by an object or it can contain an object between the verb and preposition or adverb and this can be further classified into separable and inseparable. Separable transitive phrasal verbs are those in which the object is placed between the verb and the preposition or adverb. Inseparable transitive phrasal verbs are those in which the object is placed after the preposition or adverb. Also there exist some transitive phrasal verbs that can be considered in both cases, separable and inseparable. Though some transitive phrasal verbs can be both separable and inseparable, the phrasal verb should take only the separable form when the object is a pronoun. An intransitive phrasal verb should neither be followed by an object nor should it contain an object between the verb and preposition or adverb. Examples for the types of phrasal verbs are illustrated in Table 1 .
An idiom is usually a group of words whose meaning will be peculiar and cannot be predicted from the meanings of the constituent words [6] . Also, it can be considered as an expression that is not readily analyzable from its grammatical construction or from the meaning of its component parts. In other words, an idiom is an expression, word, or phrase whose sense means something different from what the words literally imply [7] . In most cases when an idiom is translated, either its meaning is changed or it is meaningless. There are estimated to be at least 25,000 idiomatic expressions [7] in the English language. An idiom is generally a colloquial metaphor [8] a term requiring some foundational knowledge, information, or experience, to use only within a culture, where conversational parties must possess common cultural references. Therefore, idioms are not considered part of the language, but part of the culture. In linguistics, idioms are usually presumed to be figures of speech contradicting the principle of compositionality which states that the meaning of a complex expression is determined by the meanings of its constituent expressions. In general, idioms are based on pair of words, number, nationality, color, etc. and are illustrated with examples in Table 2 . 
CHALLENGES IN HANDLING IDIOMS AND PHRASAL VERBS
The main problem in existing machine translation system due to phrasal verbs and idioms is that a phrasal verb is translated by considering the constituent verb in it, instead of considering it as a single unit. For example, the sentence "The minister passed away" will be translated as "amaiccar thUram thErcciyatainthAr" ( ) instead of "amaiccar iyaRkai eythinAr" ( ). Here, the phrasal verb is translated in such a way that instead of conveying its meaning as a single unit i.e., "to die", conveys the meaning as "to pass" by considering the constituent verb in it and an idiom is translated by considering the constituent words in it, instead of considering it as a single unit during the translation process from English to Tamil. For example, the sentence "This work is a piece of cake" will be translated as "intha vElai inirottiyin oru pakuthiyAkum" ( ), instead of "intha vElai eLithAnathu" ( ). Here the idiom is translated in such a way that the translation conveys the literal meaning of constituent words in the idiom (i.e., "a piece of cake"), instead of conveying the meaning, "easy" by considering it as a single unit in the sentence. These examples above show how phrasal verbs and idioms affect the accuracy of the translation system. As idioms cannot be analyzed from its grammatical construction, handling the idioms in translation process becomes a challenging task. Since idioms and phrases are used more frequently in English language, it becomes necessary to handle the idioms during the translation from English to Tamil.
In order to handle these phrasal verbs and idioms, a collection of most frequently used phrasal verbs and idioms have to be collected and manually translated to Tamil in such a way that it should convey the exact meaning or sense of the phrasal verb or idiom when considered as a single unit in the sentence. Lexical dictionary for these phrasal verbs and idioms is created with the collected phrasal verbs and idioms and its equivalent translation in Tamil. This dictionary can be referred by the machine translation system, if required, to replace the phrasal verbs or idioms in English with its Tamil equivalent. While creating the lexical dictionary for phrasal verbs, the dictionary is created with root form of the phrasal verbs, so that all the inflections of the phrasal verbs can be handled in a way similar to that of verbs. For example, instead of "passed away" its root form "pass away" is added to the lexical dictionary. Also in order to handle the separable transitive phrasal verbs, some rules have to be coded such that in case of phrasal verbs which can be both separable and inseparable and if it have pronoun as the object, it should be handled as separable. Some of the phrasal verbs convey one meaning when they are transitive, which is entirely different from the meaning when they take intransitive form. For example, the phrasal verb "show up" gives the meaning "make someone seem inferior" in transitive case and "arrive without prior notice" in intransitive case. These cases are handled by taking the object in consideration, so that it distinguishes the transitive and the intransitive form of the phrasal verb during the translation process.
IMPLEMENTATION
The general block diagram of proposed technique to handle the phrasal verbs and idioms during English-Tamil machine translation system is shown in Fig 1. The input to this technique can be a sentence in case of rule based machine translation and bilingual and monolingual corpus for training and input sentences in case of statistical machine translation. Before providing the input to the machine translation system for further process, the input is passed to the first phase of the proposed technique, Phrasal verbs and Idioms Analyzer. Here the input is thoroughly analyzed for any phrasal verbs or idioms in it, by looking up in the list of phrasal verbs and idioms collected. If any phrasal verb or idiom is found to be in the sentence then it is passed to the second phase of the technique, the grouping phase. In the grouping phase, the words in the phrasal verb or idiom that is found to be in the input in the analyzer phase are grouped together into a single unit and a special tag is assigned to it, so that this phrasal verb or idiom will be considered as a single unit during the whole translation process.
Fig 1: General block diagram for the Proposed Technique to handle Phrasal Verbs and Idioms
In the grouping phase, while grouping the words in the phrasal verb which is of transitive separable type, the object in between the verb and the preposition or adverb is moved after the preposition or adverb in it. For example, the sentence, "She cut him off while he was talking" will be grouped as "She cut-off him while he was talking" and will be translated as "avan pEcikkoNtirukkum pozuthu avaL avanai kURukkittaL" ( ), as the phrasal verbs are handled in the way similar to verbs. Lexical dictionary with 900 idioms and 241 phrasal verbs have been created for idioms and phrasal verbs, separately. The above block diagram for the proposed technique can be integrated to any English-Tamil rule based machine translation system or to any English-Tamil statistical machine translation, with some modifications in the general technique. The following section will give a clear idea of how this technique can be used in rule based and factored statistical machine translation.
Rule Based Machine Translation System
In rule based machine translation system, the given English sentence annotated with lemma, part of speech tag, morphological and dependency information is passed to the first-phase of the technique, Phrasal verbs and Idioms analyzer phase, before passing the sentence to the actual translation process. In this phase, the analyzer checks for any phrasal verbs or idioms present in the given sentence. If found, the sentence is passed to the grouping phase, where the words that form the phrasal verb or idiom found in the analyzer phase are grouped together as a single unit in the sentence and it is assigned with a special tag "PHV" for phrasal verbs and "IDM" for idioms along with the annotated part of speech tag information. In case of phrasal verbs which take both transitive and intransitive form, the form of the phrasal verb is differentiated by the object following it or in between the verb and adverb or preposition. An asterisk symbol is added to the end of root of the phrasal verb, if it is intransitive. So that while translating, the two forms of the phrasal verb can be differentiated easily. For example, intransitive form of the phrasal verb "show up" will be changed to "show-up*" which means "arrive without prior notice". All other annotated information of the words grouped to form a single unit is also grouped in the sequence of the words as in the phrasal verb or idiom. During the translation process, the unit assigned with the special tag "PHV" will be handled as verb indeed, but during lexical replacement of English to Tamil, instead of retrieving from the lexical dictionary for verb, some modification has to be made in the existing system so that it retrieves from lexical dictionary for phrasal verbs and for the words with the tag "IDM", the lexical replacement has to be made from the lexical dictionary for idioms. The block diagram for the modified technique for English-Tamil rule based machine translation system is shown in Figure 2 .
Factored Statistical Machine Translation System
In the existing factored statistical machine translation system [9] before the training phase the bilingual and monolingual corpus is pre-processed by the proposed technique to group the phrasal verbs and idioms in to a single unit. Here, the term factored means the corpus along with information such as lemma, partof-speech tag and morphological information for each word in every sentence in the corpus. The statistical machine translation decoder translates the sentences from English to Tamil by considering the factored information as translation factors [10] . Here, the technique has been modified so that in the proposed technique"s analyzer phase, the English sentences are analyzed for phrasal verbs or idioms. If found, in the grouping phase the phrasal verbs or idioms in English as well as its equivalent in Tamil are also grouped into a single unit. Also the Tamil monolingual corpus has been analyzed for phrasal verbs or idioms, and grouped into a single unit, if found any. And the part-of-speech category for phrasal verbs and idioms are assigned as "PHV" and "IDM" respectively. The technique is applied in a similar way to the monolingual corpus. After the grouping phase of the technique, the bilingual and monolingual corpus is passed to the training phase of the decoder. During the testing phase, the factored sentence is pre-processed by this technique and then passed to the decoder for translation. The output of the decoder is given to the morphological generator to generate the final translated sentence. The block diagram for the modified technique for English-Tamil factored statistical machine translation system is shown in Figure 3 . 
RESULTS AND CONCLUSION
The machine translation system for English-Tamil has been tested and evaluated for four cases, (1) the baseline machine translation system, (2) the baseline machine translation system with the proposed technique to handle phrasal verbs, (3) the baseline machine translation system with technique to handle idioms and (4) the baseline machine translation system with technique to handle both phrasal verbs and idioms, in both the rule based and factored statistical machine translation system. The rule based machine translation system has been evaluated with a test data set of 500 sentences. The factored statistical machine translation system has been trained with EnglishTamil bilingual corpus with 20,000 parallel sentences and a Tamil monolingual corpus of 50,000 sentences and has been evaluated with another test data set of 500 sentences. Both the systems have been evaluated for the four cases with BLEU and NIST score and the results have been tabulated in Table 3 , which shows that incorporating this technique to handle idioms and phrasal verbs has increased the accuracy of the existing English -Tamil machine translation systems. Comparison of how the sentences containing phrasal verbs or idioms in English gets translated to Tamil with the existing machine translation system and the existing machine translation system with the proposed technique to handle the phrasal verbs and idioms are illustrated with examples in Table 4 .
FUTURE WORK
The current proposed technique provides a significant increase in the accuracy of translation with a small set of idioms and phrasal verbs. Hence more number of phrasal verbs and idioms has to be added to the phrasal verbs and idioms lexical dictionary in order to improve the accuracy of the translation, further. We propose to incorporate this technique with English to other Indian language machine translation system and evaluate how this technique helps in increasing the accuracy of the machine translation systems.
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